It is pointed out that the action recently proposed by Bañados et al. for gravitation in odd dimensions higher (and lower) than four, provides a natural quantization for the gravitational constant. These theories possess no dimensionful parameters and hence they may be power counting renormalizable.
low energy effective theory of gravity that can be derived from string theory [5] .
In a recent article, Bañados et al. [6] , have considered a particular form of the Lovelock action which results from embedding the group of tangent space rotations, SO(D), into SO(D + 1).
1 For odd dimensions there is a particular choice that makes the action invariant under SO(D + 1), whereas even D that possibility does not exist.
The proposed Lagrangian for D = 2n − 1 dimensions reads
2p−D ǫ a 1 ···a 2n−1 R a 1 a 2 ∧ · · · ∧ R a 2p−1 a 2p ∧ e a 2p+1 ∧ · · · ∧ e a 2n−1 .
(
Here κ is the gravitational constant analogous to Newton's in D = 4, l is a constant with dimensions of length, R ab is the curvature two form and e a are the vielbein. As it is shown in Ref. [6] , this is the Euler-Chern-Simons density. That is, L 2n−1 is a (2n − 1)-form whose exterior derivative is the Euler class E 2n for (2n)-dimensional manifolds,
with
where A, B, C, ... = 1, ..., 2n. HereR AB is the 2n-dimensional curvature 2-form associated to the (anti-) de Sitter group,R
where
is the torsion 2-form.
1 For brevity here SO(D) will denote the group of rotations in D dimensions or any of its complex extensions SO(p, q), with p + q = D. We shall make the distinction below when commenting on the spacetime signature and the Wick rotation.
L 2n−1 is the analog of the Pontryagin Chern-Simons form encountered in gauge theories.
In gravity there is also a Pontryagin form -often called the Hirzebruch class-in D = 4n and a corresponding Chern-Simons density in D = 4n − 1 (see e.g., [7] ), but we will not consider them here as they cannot be dimensionally continued.
For a nonbelian gauge theory in 2+1 dimensions with gauge group G the existence of large gauge transformations within a non trivial homotopy class implies the quantization of the coupling constant, g, that multiplies the Chern-Simons action [8, 9] . Roughly speaking, if π 3 (G) = 0, g must be quantized.
The same argument applied to asymptotically flat gravitation theory in 2+1 dimensions does not lead to the quantization of Newton's constant because in that case the relevant group is ISO(2, 1), and π 3 (ISO(2, 1)) = 0 [9] .
On the other hand, the theories considered in [6] have a cosmological constant, their solutions are not asymptotically flat and hence the relevant groups are anti-de Sitter SO(2n− 2, 2), so the non quantization argument does not apply here.
Our argument for the quantization of κ however, does not rely on the existence of lage gauge transformations but on the possibility of rewriting the (2n − 1)-dimensional gravity action as a topological theory on a 2n-dimensional manifold whose boundary is the spacetime one wants to describe. This is similar to the standard discussion leading to the quantization of the coupling constant in the WZW theory [10] .
Let us consider the particular case of a compact (2n − 1)-dimensional, simply connected manifold M that is the boundary of some 2n-dimensional orientable manifold Ω [For definiteness, M could be taken to be S 2n−1 ]. Then, by Stokes' theorem, the action for M can be expressed as
Obviously, there is a large freedom in the choice of Ω, as there are infinitely many ways to extend M. However, since the action S Ω [M] is to describe the dynamical properties of M, it is reasonable to demand that the observables of the system should be insensitive to changing in eq.(5) Ω by a different 2n-manifold, Ω ′ , with the same boundary (M) [12] ,
Also,
The first term on the right hand side of the last equality is κ times the Euler class of the manifold formed by joining Ω and −Ω ′ smoothly along M. The minus sign accounts for the fact that the orientation of one of the two halves must be reversed in order for their union to possess a well defined orientation throughout. Thus, we finally have
Although the action of any classical system is defined modulo an arbitrary additive con- Actions whose construction require the Hodge *-dual (like ∂ µ φ∂ µ φ |g|d 4 x or F µν F µν |g|d 4 x) do change under Wick rotations because they explicitly involve the epsilon symbol, which is a pseudoscalar and hence transforms with an additional factor of i. The usual Euclidean action for gravity,
carry an extra i that can be viewed, in the language of forms, as resulting from the substitution ǫ abcd → iǫ abcd when going from SO(3, 1) to SO(4). Our point of view here is that this is not necessary (in odd dimensional spacetimes), but if one insists in introducing an i when the group is changed, the definition of the theory should be such that the Euclidean sector gives an imaginary phase for the path integral. This is consistent with the requirement that time reversal be equivalent to conjugation in the path integral (see e.g., [14] ).
The proposal of Ref. [6] for a gravitation theory in odd dimensions possesses a number of interesting features and, as we have shown here, its coupling constant is quantized under standard assumptions. An interesting consequence of the quantization of the gravitational constant is that the Hilbert space for 2+1 gravity with cosmological constant has finitedimensional unitary representations [15] .
In addition, the action (1) only a discrete set degrees of freedom to be quantized [11] .
For D > 3 however, the gravitational field propagates and the construction of a quantum theory might be a formidable task. In fact, a construction analogous to that of Ref. [11] probably doesn't exist at all. Recently, Bañados and Garay have developed a first order
Hamiltonian formalism for (1) . In that form the theory possesses a consistent constraint algebra, which suggests that a quantum version of the system might eventually be constructed [16] .
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